has been used for the determination of various both hydrophilic and moderately hydrophobic counterions X 20 22, 24 .
Kreke et al used 1 H and 13 C NMR studies to show that 2,6-Cl 2 C 6 H 3 CO 2 2,6-Cl 2 Bz and 3,5-Cl 2 Bz counterions were intercalated within the cationic micellar headgroups and that 3,5-Cl 2 Bz counterions inserted further into the interface of rodlike micelles while 2,6-Cl 2 Bz counterions remained at the surface of the spherical micelles 25 . Based upon 1 H, 19 F and 13 C NMR studies, Vermuthen et al. concluded that the 2-FC 6 H 4 CO 2 2-FBz counterion penetrates the micellar interface more deeply than 3-FBz and 4-FBz counterions 12 . Micelle formation and growth of aqueous CTAX solutions X 2-ClBz , 4-ClBz , 2,6-Cl 2 Bz , 3,4-Cl 2 Bz and 3,5-Cl 2 Bz have been studied by the use of cryo-TEM images, small angle neutron scattering SANS and rheological measurements 26 . The surfactants CTA2-ClBz and CTA2,6-Cl 2 Bz , form Newtonian fluids containing spherical micelles at ≤ 0.07 M CTAX. The surfactants, CTAX with X 4-ClBz , 3,4-Cl 2 Bz and 3,5-Cl 2 Bz , form highly viscoelastic aqueous solutions at 0.002 0.035 M CTAX and SANS data are similar for all three CTAX X 4-ClBz , 3,4-and 3,5-ClBz at the same CTAX 26 . The results of these studies reveal the absence 12 and presence 25, 26 of a qualitative correlation between the extent of micellar penetration of X and X-induced micellar growth.
In an attempt to find out a possible quantitative correlation between cationic micellar binding constants of counterions X and X-induced micellar structural growth, we report, in this paper, the following studies: i SEK method has been used to determine the values of K X Br or R X Br for X 2,4-, 2,5-, 2,6-and 3,4-Cl 2 Bz which give quantified Xaffinity to CTABr micelles and ii the rheometric measurements have been carried out on aqueous 0.015 M CTABr/ MX MX 2,4-, 2,5-, 2,6-and 3,4-Cl 2 Bz Na solutions under strictly experimental conditions used for the determination of K X Br or R X Br which give quantitative yet indirect measure of the micellar structural details. The observed results and their probable explanations are described in this manuscript.
EXPERIMENTAL DETAILS
Reagent-grade chemicals such as cetyltrimethylammonium bromide CTABr , phenyl salicylate PSaH , piperidine Pip and 2,4-, 2,5-, 2,6-and 3,4-dichlorobenzoic acids 2,4-, 2,5-, 2,6-and 3,4-Cl 2 Bz H were commercial products of highest available purity. All other common chemicals used were also of reagent-grade. The stock solutions w M of Y,Z-Cl 2 Bz Na Y,Z 2,4, 2,5, 2,6 and 3,4 were prepared by adding w 0.05 M NaOH to the corresponding w M solutions of Y,Z-Cl 2 Bz H. Because of the low aqueous solubility, the stock solutions 0.01 M of PSaH were prepared in acetonitrile.
Determination of K X
Br or R X Br for different counterions X by the use of SEK method Semi-empirical kinetic SEK method which requires the use of an appropriate reaction kinetic probe, has been used to determine K X Br or R X Br . The effects of the concentrations of nonreactive salts of different counterions MX on pseudo-first-order rate constants k obs for the nucleophilic reaction of Pip with ionized phenyl salicylate PSa at a constant total concentration of cetyltrimethylammonium bromide CTABr T and 35 , have been used as the kinetic probe for the use of SEK method. The details of the SEK method and reaction kinetic probe are described recently 20 23 .
Kinetic measurements
The kinetic measurements of the reaction rates for the nucleophilic substitution reaction between piperidine and ionized phenyl salicylate PSa were carried out at 35 . The rate of disappearance of PSa , as a function of reaction time t , was monitored at 350 nm using Shimadzu double beam UV-vis spectrophotometer Model UV-1650 . The details of the kinetic procedure and product characterization have been described elsewhere 27 . The absorbance values A ob at different t were found to fit to Eq. 1 for 8 half-lives of the reactions.
A ob R 0 δ ap exp k obs t A 1
In Eq. 1 , R 0 represents the initial concentration of PSaH, δ ap is the apparent molar absorptivity of the reaction mixture, k obs is the pseudo-first-order rate constant and A A ob at t . The nonlinear least-squares fitting of the observed data A ob vs. t to Eq. 1 was found to be satisfactory in terms of percent residual errors RE 100 A ob i A cald i /A ob i where A ob i and A cald i represent respective observed and least-squares calculated values of absorbance at the i-th reaction time and standard deviations associated with the calculated values of kinetic parameters k obs , δ ap and A .
Rheological measurements
Samples with total volume of 10 mL for each sample in the steady-shear rheological measurements were prepared by mixing a constant desired amount of sodium hydroxide, piperidine, cetyltrimethylammonium bromide, phenyl salicylate and MX where MX Y,Z-Cl 2 Bz Na withY,Z 2,4, 2,5, 2,6 and 3,4 . The concentrations of each MX were varied within the range 0.01 0.34 M. The rheological measurements were carried out on Anton Paar MCR301 rheometer, using a double gap cylinder, DG26.7/T200/SS in-ternal diameter 24 It is evident from Fig. 4 where for clarity reason, flow curves at some typical values of MX are not included that the initial segments of the curves show Newtonian flow behavior over wide range of shear rate and the final segments of all the curves except those at ≥ 0.1 M MX consist of shear thinning which is a typical behavior of worm like micelles 28, 29 . With the increase in MX from 0.010 to 0.013 M, the critical shear rate, g 4 cr , at which shear thinning segment of flow curve begins shifts gradually to the lower values and also viscosity in the plateau region, η 0 , of flow curves increases. With further increase in MX from 0.014 to 0.080 M, g 4 cr shifts gradually to higher values and also η 0 decreases. This phenomenon highlights that the structure of the system is becoming more and less entangled/network type within MX range 0.010 0.013 M and 0.014 0.080 M, respectively. This observed rheological behavior is typical of network structure formed by wormlike micelles. When the network structure is deformed by applying a shear, shear thinning occurs due to alignment of wormlike aggregates under flow if the deformation is faster than the time required to regain equilibrium network structure. With increasing network density the relaxation becomes slower, i.e. shear thinning begins at lower shear rate. Similarly, some of the plots not shown for MX 2,4-Cl 2 Bz Na also exhibit shear thinning.
All the flow curves for MX 2,5-Cl 2 Bz Na of the origin of these maxima is not fully understood at the molecular level 13, 31, 36 . However, it has become almost certain from these studies 13, 30 35 of CTABr micellar-mediated piperidinolysis of PSa have been described elsewhere 38, 40 .
It has been described in detail in the recent reports 20 24, 27 that the nonlinear increase in k obs with the increase of MX at the constant CTABr T Figs. 1, 2 and the plots, not shown, for 2,5-and 2,6-Cl 2 Bz is due to the transfer of micelle-bound PSa ions i.e. PSa M with subscript M representing micellar pseudophase to water phase i.e. PSa W with subscript W representing water phase through the occurrence of ion exchange process X /PSa at the cationic micellar surface. The values of k obs , at different MX MX 2,4-, and 2,6-Cl 2 Bz Na and at a constant CTABr T and Pip T where symbol T represents total concentration , were found to fit to empirical Eq. 2 where θ and K X/S are empirical constants and k 0 k obs at MX 0 and CTABr T 0. 
The values of θ, K X/S and least squares, Σ di 2 , where di k obs i k calc i with k obs i and k calc i representing respective experimentally determined and least squares calculated rate constants at the ith value of MX , were calculated from Eq. 2 by the use of nonlinear least squares technique where k 0 was considered as known parameter determined experimentally at MX 0 and CTABr T 0. These results, at different CTABr T for MX 2,4-and 2,6-Cl 2 Bz Na, are summarized in Table 1 .
The use of Eq. 2 is valid only when the values of k obs , in the absence of CTABr, either remain essentially unchanged or change by ≤ 10 with the change of MX within its range covered in the kinetic study for determination of k obs vs. MX data. The values of k obs were found to decrease more than 10 with the increase in MX from 0.0 to 0.30 M at CTABr T 0 for MX 2,5-and 3,4-Cl 2 Bz Na and as a consequence, Eq. 2 was not used for data analysis of these salts. 24 has been found to decrease K S with the increase of MX through the empirical relationship
where K S represents CTABr micellar binding constant of PSa at any value of MX and K S 0 K S at MX 0 20 24, 27 .
The magnitude of the empirical constant, K X/S , of Eq. 5 is the measure of the ability of counterion X to expel another counterion S from the cationic micellar pseudophase to the aqueous phase through the occurrence of ion exchange process X /S at the cationic micellar surface. It can be easily shown as described in Appendix that a kinetic equation derived from a reaction scheme for CTABr micelle-catalyzed reaction of Pip with PSa in terms of pseudophase micellar PM model and Eq. 5 can lead to Eq. 2 or Eq. 3 with θ or F X/S and K X/S expressed by Eqs. 6 and 7 , respectively 20 23, 27 .
It is evident from Eq. 6 that the values of θ or F X/S should be independent of CTABr T . Relatively more reliable values of θ and F X/S for MX 2,4-, 2,5-, 2,6-and 3,4-Cl 2 Bz Na Table 1 are independent of CTABr T within the limits of experimental uncertainties. The mean values of F X/S for these disubstituted benzoate ions are shown in Table 2 .
The empirical definition of K X/S implies that the values of K X/S should depend upon the physicochemical characteristics of counterions X and S and they should be independent of CTABr T provided F X/S ≈ 1.0 and X-induced major ionic micellar structural features remain unchanged within the range of CTABr T attained in the study, i.e. predominant micellar structure should remain either spherical or rodlike/wormlike or vesicle. The values of K X/S , at different CTABr T , were calculated from Eq. 7 by using the reported value of K S 0 7000 M 1 24, 27 . These calculated values of K X/S , at different CTABr T and for different MX, are summarized in Table 1 . The values of K X/S are almost Table 2 .
4.2 Plausible explanation of the magnitudes of K X Br or R X Br for X dichloro substituted benzoate ions Some reports 44 49 provide indirect evidence for the perception that the respective hydrophobicity and hydrophilicity of the micellar surface increases and decreases continuously with the increasing distance from exterior to the interior of a micelle. Thus, the micellar locations and orientations of solubilizates depend on the balance of the energy of interaction between micellar medium including the headgroups which includes surfactant monomers and polarity of environment and hydrophilic, hydrophobic groups/substituents as well as steric requirement of the solubilizate. Dichlorobenzoate ions X , used in the present study, contain CO 2 and Cl as hydrophilic and hydrophobic substituents, respectively. These substituents differ in terms of positional attachment to the benzene moiety of X . Electrostatic interaction between CO 2 group of X and cationic micellar headgroup may be considered as significantly stronger than the hydrophobic interaction between Cl group of X and micellar medium. The spatial positions of Cl groups in benzene moiety of 2,6-Cl 2 Bz are such that the effects of these Cl groups decrease slightly the CTABr micellar binding constant K X for X 2,6-Cl 2 Bz than that for X C 6 H 5 CO 2 Bz Table  2 . But the benzene moiety of 2,4-and 2,5-Cl 2 Bz reorient or tilt in such a way that maximizes the hydrophobic interaction between micellar medium and Cl groups without affecting the energy of electrostatic interaction between CO 2 group of X and cationic micellar headgroup. Such energetic requirement is expected to cause the energy of favorable hydrophobic interaction to vary in the order: 2,6-Cl 2 Bz 2,5-Cl 2 Bz 2,4-Cl 2 Bz . This qualitative explanation is in agreement with the experimentally determined values of K X Br or R X Br for X 2,4-, 2,5-and 2,6- , for X mono-and disubstituted benzoate ions, are summarized in Table 3 . It is apparent from Table 3 that there is essentially no correlation between the values of pK a XH and K X Br or R X Br for various XH and X. Mono-and disubstituted benzoate ions X are moderately hydrophobic and as a consequence hydrophobic interaction appears to be much stronger than electrostatic interaction between X and cationic headgroup of CTABr aggregates. Table 2 .
It is evident from Fig. 4 and from similar plots not shown for MX 2,4-Cl 2 Bz Na that the lowest values of MX at which flow curves exhibit shear thinning are 0.01 and 0.02 M for respective MX 3,4-and 2,4-Cl 2 Bz Na. The absence of shear thinning in the flow curves for MX 2,5-Cl 2 Bz Na may be attributed to sufficiently lower value of R X Br compared with those for MX 3,4-and 2,4-Cl 2 Bz Na.
These observations correlate quantitatively with the values of R X Br if the long held qualitative perception, that the counterion X-induced ionic micellar growth depends upon the magnitude of the ionic micellar binding constant of X, is correct.
CONCLUSIONS
The new findings of the present study are the experimentally determined values of R X Br or K X Br for X 2,4-, 2,5-, 2,6-and 3,4-Cl 2 Bz . It is evident from Fig. 5 that the values of zero shear viscosity η 0 at MX sc with MX sc MX at which viscosity maximum occurs and constant CTABr 0.015 M , i.e. η 0 X, max , increase significantly with the increase of R X Br for X 2,6-, 2,5-, 2,4-, and 3,4-Bz .
Thus, this manuscript represents a quantitative correlation between counterion X binding affinity to cationic micelles measured by the value of K X Br or R X Br and X-induced micellar growth measured by η 0 X, max for different moderately hydrophobic X. The kinetic validity of Eq. 4 reveals an indirect evidence for the occurrence of two or more than two independent ion exchange processes at cationic micellar surface. This is one of the major assumptions of pseudophase micellar model.
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APPENDIX
Derivation of Eqs. 2 or 3 :
The reaction mechanism for nucleophilic substitution reaction of piperidine N with ionized phenyl salicylate PSa in the presence of CTABr micelles D n may be expressed, in terms of pseudophase micellar PM model, by Scheme A. In Scheme A, all the symbols have their usual meanings as Scheme A described elsewhere 27 .
The observed rate law: rate k obs S T with S T PSa W PSa M and Scheme A can lead to Eq. i where 1 K N D n under the present experimental conditions 27 . In Eq. iii , k W k obs k W n N T at D n MX 0 as well as K N is assumed to be independent of MX . In Eq. iv , k W MX k obs k W n N T at a typical value of MX and D n 0 and F X/S is an empirical constant with its value by definition lying in the range 0 -≤ 1.0. The purpose of the introduction of F X/S is just to take account for the physical reality that the hydrophilic counterions such as HO cannot expel completely i.e. 100 the hydrophobic counterions such as S from cationic micelles to the aqueous phase at ≥ the limiting concentration of the hydrophilic anions 20 . The limiting concentration of the counterions say X ions is defined as the optimum value of M 2 X at which k obs values become independent of MX in a typical plot of k obs vs. MX provided k 0 θ in Eq. 2 . Eqs. iv and v are same as respective Eqs. 6 and 7 of the text. Perhaps it is relevant to mention that the derivation of Eqs. iii -v reveals that θ k W and not θ F X/S k W MX . Thus, the appearance of empirical parameter F X/S in Eq. iv is not due to theoretical consequence but rather due to empirical consequence just to take account for the physical reality that the hydrophilic counterions cannot completely i.e. 100 expel the hydrophobic counterions from ionic micellar pseudophase to bulk water phase at ≥ limiting concentration of the hydrophilic counterions 20, 21 .
